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INTERDIGITATED CAPACITOR 
AND METHOD OF MANUFACTURING THEREOF 



TECHNICAL FIELD OF THE INVENTION 



[0001] The present invention is directed, in general, to 
semiconductor devices and, more specifically, to an interdigitated 
capacitor and a method of manufacturing thereof. 



n BACKGROUND OF THE INVENTION 

*D 

AS- 

m 

*S [0002] As is well known, various semiconductor devices and 

U 

IS structures are fabricated on semiconductor wafers in order to form 

m 

!L operative integrated circuits (ICs) . These various semiconductor 

?jj devices and structures allow fast, reliable and inexpensive ICs to 

j*5 be manufactured for today's competitive computer and 
I* 

telecommunication markets. To keep such ICs inexpensive, the 
semiconductor manufacturing industry continually strives to 
economize each step of the IC fabrication process to the greatest 
extent, while maintaining the highest degree of quality and 
functionality as possible. 

[0003] Integrated circuits in general have continued to gain 
wide spread usage as user demands for increased functionality and 
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enhanced benefits continues to rise. In order to meet this demand, 
the integrated circuit industry continues to decrease the size of 
circuit structures in order to place more circuits in the same size 
integrated circuit area, thereby continually increasing the packing 
density for a given chip size. Over the last several years, 
structures have gone from 1.2 micron gate areas (1 Meg. Capacity) 
down to gate structure areas of 0.12 microns (1 Gbit capacity), and 
promise to become even smaller in the near future. Other devices 
that are steadily decreasing in size are semiconductor capacitors. 
However, since the capacitance of such capacitors depends somewhat 
on the surface area of their electrodes, decreasing the size of 
these capacitors is hampered by the need for a high surface area. 
[0004] Thus, as the demand for higher quality yet smaller 
devices continues to grow, the use of different methods for 
manufacturing semiconductor capacitors has reached phenomenal 
proportions. Among the primary goals of these newer methods is the 
increase of the surface area of the electrodes of the capacitor, 
while maintaining the same, or even smaller, capacitor footprint. 
Those skilled in the art understand that as the surface area of the 
capacitor increases within a given footprint, so too does the 
overall capacitance provided by the device. Conversely, the 
overall size of a capacitor may be decreased, while maintaining the 
same or higher capacitance, if the surface area of the capacitor is 



proportionally increased. 

[0005] At first glance, an obvious solution to manufacturing 
capacitors with increased electrode surface areas would be to 
simply increase the number of layers in capacitors while decreasing 
layer thickness. An example of such an approach may be a multi- 
layer ceramic capacitor (MLCC) . However, to accommodate desired 
capacitances, numerous thin- film layers are required to arrive at 
the necessary surface area. Unfortunately, in addition to the 
increased risk of layer defects, as capacitor films become thinner 
they operate closer to the breakdown point of the layer. Thus, 
capacitors manufactured with such thin films, such as electrolytic 
capacitors, typically employ "healing electrodes" to repair some of 
the leakage problems that eventually develop. However, those 
skilled in the art understand that healing electrodes have 
relatively poor conductivity, making electrolytic capacitors a poor 
choice for high frequency (e.g., >lMhz) applications. 
[0006] Moreover, even if capacitor layer thickness were further 
reduced, without the adverse consequences discussed above, forming 
an increased number of layers, for example in an MLCC, results in 
increased manufacturing steps, which translates into increased 
manufacturing costs. With the already high cost of semiconductor 
manufacturing, as well as a market already filled with intense 
competition, semiconductor manufacturers must make every effort to 



stream- line the manufacturing process rather than increase the 
cost . 

[0007] Accordingly, what is needed in the art is an improved 
semiconductor capacitor having an increased surface area, and a 
method of manufacturing thereof, that does not suffer from the 
deficiencies found in the prior art. 



SUMMARY OF THE INVENTION 



[0008] To address the above-discussed deficiencies of the prior 
art, the present invention provides a method of forming an 
interdigitated semiconductor device. In one embodiment, the method 
comprises simultaneously forming first electrodes adjacent each 
other on a substrate, forming a dielectric layer between the first 
electrodes, and creating a second electrode between the first 
electrodes. In this embodiment, the second electrode contacts the 
dielectric layer between the first electrodes to thereby form 
adjacent interdigitated electrodes. 

[0009] In another aspect of the present invention, the method 
includes producing a first conductive layer over the substrate 
prior to simultaneously form the first electrodes, and 
simultaneously form the first electrodes on the first conductive 
layer. In such an embodiment, the conductive layer interconnects 
the adjacent first electrodes. In a related embodiment, the 
dielectric layer is formed over and between the first electrodes, 
and the second electrode is formed by creating an electrode layer 
over and between the first electrodes to form interconnected second 
electrodes over and between the first electrodes. 

[0010] The foregoing has outlined, rather broadly, preferred and 
alternative features of the present invention so that those skilled 



in the art may better understand the detailed description of the 
invention that follows. Additional features of the invention will 
be described hereinafter that form the subject of the claims of the 
invention. Those skilled in the art should appreciate that they 
can readily use the disclosed conception and specific embodiment as 
a basis for designing or modifying other structures for carrying 
out the same purposes of the present invention. Those skilled in 
the art should also realize that such equivalent constructions do 
not depart from the spirit and scope of the invention in its 
broadest form. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0011] For a more complete understanding of the present 
invention, reference is now made to the following detailed 
description taken in conjunction with the accompanying FIGURES. It 
is emphasized that various features may not be drawn to scale. In 
fact, the dimensions of various features may be arbitrarily 
increased or reduced for clarity of discussion. Reference is now 
made to the following descriptions taken in conjunction with the 
accompanying drawings, in which: 

[0012] FIGURE 1 illustrates a sectional view of an initial 
device from which an interdigitated capacitor as provided by the 
present invention may be formed; 

[0013] FIGURE 2 illustrates a sectional view of the device of 
FIGURE 1 after etching of the sacrificial layer; 

[0014] FIGURE 3 illustrates a sectional view of the device of 
FIGURE 2 subsequent to the deposition of first electrodes; 
[0015] FIGURE 4 illustrates a sectional view of the device of 
FIGURE 3 after removal of the sacrificial layer and mask; 
[0016] FIGURE 5 illustrates a sectional view of the device of 
FIGURE 4 subsequent to the deposition of a dielectric material; 
[0017] FIGURE 6 illustrates a sectional view of the device of 
FIGURE 5 subsequent to the deposition of a conductive material; 



[0018] FIGURE 7 illustrates one embodiment of a completed 
interdigitated capacitor manufactured according to the principles 
of the present invention; 

[0019] FIGURE 8 illustrates a close-up sectional view of another 
embodiment of an interdigitated capacitor manufactured according to 
the principles of the present invention; and 

[0020] FIGURE 9 illustrates a sectional view of a conventional 
integrated circuit incorporating the completed interdigitated 
capacitor illustrated in FIGURE 7. 



DETAILED DESCRIPTION 



[0021] Referring initially to FIGURE 1, illustrated is a 
sectional view of an initial device 100 from which an 
interdigitated capacitor as provided by the present invention may 
be formed. The device 100 is formed on a semiconductor substrate 
110, which may be comprised of silicon. Deposited on top of the 
substrate 110 is a first conductive layer 120. In an advantageous 
embodiment of the present invention, the first conductive layer 120 
may be copper. Of course, the first conductive layer 120 may be 
comprised of any suitable conductor, and the present invention is 
not limited to any particular conductive material. 
[0022] On top of the first conductive layer 120, a sacrificial 
layer 13 0 is deposited. In one embodiment the sacrificial layer 
130 may be silicon dioxide (Si0 2 ) , however any suitable material 
may be used. A mask 14 0, such as a photoresist layer, is then 
deposited atop the sacrificial layer 130 and patterned, preferably 
using conventional photolithographic techniques. The patterned 
mask 14 0 is used to define the shape of the first electrode of the 
capacitor, as will be described in greater detail below. 
[0023] Turning now to FIGURE 2, illustrated is a sectional view 
of the device 100 of FIGURE 1 after the etching of the sacrificial 
layer. As illustrated, the sacrificial layer 130 is etched, using 



conventional etching techniques, until the first conductive layer 
120 is partially revealed through trenches etched into the 
sacrificial layer 130. In accordance with the present invention, 
the sacrificial layer 13 0 is etched following the pattern formed 
with the mask 140, as described above. 

[0024] Turning to FIGURE 3, illustrated is a sectional view of 
the device 100 of FIGURE 2 subsequent to the deposition of first 
electrodes 310. The first electrodes 310 are simultaneously formed 
in the trenches etched into the sacrificial layer 130. In an 
exemplary embodiment, the first electrodes 310 are simultaneously 
formed from the same material forming the first conductive layer 
120. Of course, the two materials may be different conductors 
without departing from the broad scope of the present invention. 
In the illustrated embodiment, the first electrodes 310 and the 
first conductive layer 120 combine to form the first electrode 300 
of the device 100. However, it should be understood that in other 
embodiments the first conductive layer 120 may not be present. 
[0025] In an advantageous embodiment, the first electrodes 310 
are simultaneously deposited having an aspect ratio ranging from 
about 7:1 to about 10:1. As used herein, the term "aspect ratio" 
is defined as the height of an object in proportion to its width. 
For instance, in the advantageous embodiment just mentioned, the 
height of each of the first electrodes 310 ranges from about 7 to 



10 times its width. In a more specific embodiment, the aspect 
ratio of the first electrodes 310 may be about 8:1. 
[0026] In addition, in an exemplary embodiment, the first 
electrodes 310 are deposited to a thickness ranging from about 1.2 
microns to about 2.0 microns. In such an embodiment, the first 
electrodes 310 would have a width of about 0.12 microns to about 
0.2 microns, respectively. In a more specific embodiment, the 
first electrodes 310 are deposited to a thickness of about 1.5 
microns, with each first electrode having a width of about 0.15 
microns. However, it must be understood that the actual dimensions 
of the first electrodes 310 are independent of the aspect ratios of 
the individual first electrodes. For instance, the first 
electrodes 310 may be deposited such that each first electrode has 
a height of about 8 microns and a width of about 1 micron, rather 
than only a height of 1.5 microns and a width of 0.15 microns, 
while still maintaining an advantageous 8:1 aspect ratio. 
[0027] Referring to FIGURE 4, illustrated is a sectional view of 
the device 100 of FIGURE 3 after removal of the sacrificial layer 
130 and mask 140. More specifically, in accordance with the 
present invention, the sacrificial layer 130 and the mask 140 are 
removed from the device 100 using conventional techniques. Those 
skilled in the art are familiar with such conventional removal 
techniques so the details of those techniques will not be discussed 



herein. The removal process gives the first electrodes 310 their 
final dimensions, by removing the mask 14 0 and removing the 
sacrificial layer 13 0 from in between them. 

[0028] It must be noted that the method of manufacturing an 
interdigitated capacitor according to the present invention is not 
limited to the method described with respect to FIGURES 1 through 
4. Specifically, in an alternative embodiment, the first 
conductive layer 120 may be deposited to a thickness substantially 
equal to the thickness of both the first conductive layer 120 and 
the first electrodes 310 illustrated in FIGURE 4. Then, rather 
than depositing the sacrificial layer 130, the mask 140 may be 
applied to the first conductive layer 120 in a pattern similar to 
that illustrated in FIGURE 1. An etchant may then be used to 
remove material from the first conductive layer 12 0 to form the 
first electrodes 310. After etching the first conductive layer 
120, the resulting structure would then comprise the first 
electrode 300. The advantages to the manufacturing process 
provided by the present invention remain no matter which method of 
manufacturing, or methods of forming the individual layers, is used 
since the first electrodes 310 are still formed simultaneously and 
the increased capacitor surface area discussed above is provided. 
Those skilled in the art understand the importance of constructing 
such a discrete capacitor. 
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[0029] Looking now at FIGURE 5, illustrated is a sectional view 
of the device 100 of FIGURE 4 subsequent to the deposition of a 
dielectric material. As illustrated, a dielectric layer 510 is 
deposited over and in between the first electrodes 310 and the 
first conductive layer 120. In an exemplary embodiment, the 
dielectric layer 510 is deposited to a thickness of about 300 nm. 
However, in an advantageous embodiment, the dielectric layer 510 is 
deposited to a thickness of only about 100 nm, thus increasing the 
capacitance per unit area of the device 100. 

[0030] In one embodiment of the present invention, the 
dielectric layer 510 is comprised of barium strontium titanate 
(Ba^r^TiC^, "BST" ) . In such an embodiment, the BST may be 
deposited using a chemical vapor deposition (CVD) process or a 
physical vapor deposition (PVD) process, however the present 
invention is not so limited. In other embodiments, the dielectric 
layer 510 may also be comprised of other materials, suitable for 
use as the dielectric of a capacitor. Moreover, the use of 
dielectrics having a high dielectric constant ("high-K") may 
further increase the capacitance of the device 100, above that 
gained from the increased surface area of the dielectric layer 510 
provided by the present invention. Examples of possible high-K 
dielectrics which may be used with the present invention includes, 
for instance, tantalum pentoxide, lead zirconium titanate, silicon 



nitride or aluminum oxide. 

[0031] Turning to FIGURE 6, illustrated is a sectional view of 
the device 100 of FIGURE 5 subsequent to the deposition of a 
conductive material. At this point, the device 100 is completed by- 
depositing a second electrode 600 over the dielectric layer 510. 
As the second electrode 600 is deposited, the spaces present 
between the first electrodes 310 are simultaneously filled with 
second electrodes 610. As illustrated, the second electrodes 610 
protrude from a second conductive layer 620. 

[0032] As with the first electrodes 310 described above, in an 
exemplary embodiment, the second electrodes 610 may be formed with 
an aspect ratio ranging from about 7:1 to 10:1. In addition, the 
second conductive layer 620 and second electrodes 610 may be 
manufactured from the same material as the first conductive layer 
120 and first electrodes 310. For example, both electrodes 300, 
600 may be formed from copper or even platinum, however any 
conductor suitable for use as an electrode may be used in the 
device 100. Alternatively, the first and second electrodes 300, 
600 may be formed from different materials. In addition, if 
desired, the first electrodes 310 may be formed from a material 
different than the first conductive layer 120, while the second 
electrodes 610 may be formed from a material different than the 
second conductive layer 620. The selection of material (s) is a 
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matter of design choice, perhaps depending on the application, 
however the present invention is not limited to the use of any 
particular conductive material (s) . 

[0033] In an alternative embodiment, the device 100 need not 
include the first conductive layer 120 or the second conductive 
layer 620. Instead, the device 100 may simply be manufactured 
using the first electrodes 310 and the second electrodes 610 
separated by the dielectric layer 510. In this exemplary 
embodiment, the first electrodes 310 and the second electrodes 610 
cooperate to form multiple interdigitated electrodes which act as 
multiple capacitors located within the device 100. Of course, the 
present invention may be embodied in either structure since the 
first electrodes 310 and the second electrodes 610 are each still 
manufactured simultaneously. 

[0034] By forming the first electrodes 310 and the second 
electrodes 610 in accordance with the present invention, the 
interdigitated capacitor device 100 illustrated in FIGURE 6 
provides for a substantially greater surface area for the 
dielectric layer 510 than provided by capacitors found in the prior 
art. Those skilled in the art understand that as the surface area 
of the electrodes of a capacitor is increased, the capacitance of 
that capacitor is also increased. Thus, by increasing the surface 
area, the discrete interdigitated capacitor manufactured according 



to the present invention has a substantially greater capacitance 
than capacitors found in the prior art. In addition, this 
increased capacitance may be achieved without increasing the 
footprint or the overall size of the capacitor. For example, for 
a given footprint where a prior art capacitor may require multiple 
layers to achieve a certain capacitance, thus resulting in a 
"taller" capacitor than may be desirable, a capacitor manufactured 
according to the present invention may provide an equivalent 
capacitance within substantially the same footprint and height of 
a single-layer prior art capacitor. 

[0035] Moreover, the capacitance of a capacitor according to the 
present invention may be further increased by increasing the aspect 
ratio of the first electrodes 310 and the second electrodes 610. 
In such an embodiment, as the aspect ratio increases, so too does 
the surface area of the corresponding first electrodes 310 and 
second electrodes 610, and consequently the first and second 
electrodes 300, 600. As a result, the capacitance provided across 
this increased surface area also increases. For example, the 
aspect ratio may be increased to about 20:1. Although the 
resulting device would stand much taller than the embodiments 
described above, the capacitance gained from the further increase 
in surface area may outweigh the excess height of the device, 
depending on the desired application (for instance, if there was 
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limited lateral surface area but ample vertical space in the 
integrated circuit being manufactured) . 

[0036] Furthermore, the capacitance of an interdigitated 
capacitor of the present invention may be even further increased by 
employing high-K dielectrics for use as the dielectric layer 510. 
Those skilled in the art understand the benefits of employing 
dielectrics having high dielectric constants in the manufacture of 
semiconductor capacitors. Among the high-K dielectrics that may be 
used are the BST described above, tantalum pentoxide, lead 
zirconium titanate, silicon nitride or an aluminum oxide. Of 
course, a capacitor need not be manufactured with a high-K 
dielectric layer to fall within the broad scope of the present 
invention . 

[0037] Referring now to FIGURE 7, illustrated is one embodiment 
of a completed interdigitated capacitor 700 manufactured according 
to the principles of the present invention. In the illustrated 
embodiment, the capacitor 700 includes multiple layers to further 
increase the overall capacitance of the device, as discussed above. 
As before, the capacitor 700 is formed on a substrate 710, which 
may comprise silicon or other suitable material. 

[0038] Over the substrate 710, first, second and third 
electrodes 720, 730, 740 are formed. Each electrode 720, 730, 740 
is comprised of first electrodes formed on a first conductive 



layer, as well as corresponding second electrodes formed on a 
second conductive layer, in accordance with the structures 
described above. In between these electrodes 720, 730, 740, first 
and second dielectric layers 725, 735 are formed. A dielectric 
housing 750 is also illustrated over the capacitor 700 to 
electrically insulate it from the surrounding environment. 
Etching, or other conventional techniques, may then be used to give 
the capacitor 700 a desired shape within an integrated circuit. 
Although only three electrodes 720, 730, 740 are illustrated in 
FIGURE 7, the present invention is not limited to any particular 
number of electrodes . 

[0039] Looking now at FIGURE 8, illustrated is a close-up 
sectional view of another embodiment of an interdigitated capacitor 
800 manufactured according to the principles of the present 
invention. In the illustrated embodiment, the capacitor 8 00 is 
again formed on a substrate 810 of a semiconductor wafer. 
[0040] Similar to the embodiments described above, a first 
conductive layer 820 is formed on the substrate 810. Also as 
before, the first conductive layer 820 may be formed from copper, 
platinum, titanium, or other suitable material. Using one 
embodiment of the method of the present invention, first electrodes 
83 0 are simultaneously formed in contact with the first conductive 
layer 820, and together form a first electrode 825. The aspect 
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ratio of the first electrodes 830 may follow those aspect ratios 
discussed above, however any aspect ratio may be used depending on 
the desired increase in surface area of the capacitor 800. 
[0041] After the first electrodes 830 have been simultaneously 
formed, a first barrier layer 840 is then deposited over the first 
conductive layer 820 and between the first electrodes 830. In an 
exemplary embodiment, the material used for the first barrier layer 
84 0 may be selected depending on the material used for the first 
conductive layer 820 and its first electrodes 830, as well as the 
material selected for a dielectric layer 850 deposited over and 
between the first barrier layer 840. For example, if the first 
conductive layer 820 and the first electrodes 830 are formed from 
copper (Cu) , and the dielectric layer 850 is formed by depositing 
silicon dioxide (Si0 2 ) , those skilled in the art understand that 
the copper may negatively react with the Si0 2 and detrimentally 
affect performance of the capacitor 800. In such an embodiment, 
the first barrier layer 840 may be formed from ruthenium (Ru) to 
prevent such an adverse reaction. Of course, other materials such 
as titanium nitride (TiN) , tantalum nitride (TaN) , or tungsten 
nitride (WN) may be selected for the first barrier layer 840 
depending on the materials selected for the first electrode 825 and 
the dielectric layer 850. 

[0042] A second barrier layer 860 is then deposited over the 
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dielectric layer 850. Then, over the second barrier layer 860, a 
second electrode 870 is formed. Like the first electrode 825, the 
second electrode 870 has a second conductive layer 875 as well as 
second electrodes 880. However, as illustrated, the second 
electrodes 880 protrude downwards against the second barrier layer 
860 and between the first electrodes 830. As with the selection of 
the material for the first barrier layer 840, the material for the 
second barrier layer 860 will depend on the material used to form 
the second conductive layer 875 and the second electrodes 880. As 
before, the present invention is not limited to any particular 
material, and any suitable materials may be employed for the 
various layers of the interdigitated capacitor 800. 
[0043] In accordance with the principles of the present 
invention, the capacitor 800 illustrated in FIGURE 8 provides 
increased capacitance over capacitors found in the prior art due to 
the increase in surface area within a given footprint, while also 
providing the protection of the barrier layers. In addition, like 
the interdigitated capacitor 700 of FIGURE 7, the capacitor 800 of 
FIGURE 8 may also include multiple layers to further increase the 
capacitor's 800 surface area, and therefore its overall 
capacitance . 

[0044] Turning finally to FIG. 9, illustrated is a sectional 
view of a conventional integrated circuit (IC) 900 incorporating 

-20- 



the completed interdigitated capacitor 700 illustrated in FIGURE 7. 
The IC 900 may include active devices, such.as transistors, used to 
form CMOS devices, BiCMOS devices, Bipolar devices, or other types 
of active devices. The IC 900 may further include passive devices 
such as inductors or resistors, or it may also include optical 
devices or optoelectronic devices. Those skilled in the art are 
familiar with these various types of device and their manufacture. 
[0045] In the embodiment illustrated in FIG. 9, components of 
the conventional IC 900 include transistors 910, having gate oxide 
layers 960, formed on a semiconductor wafer. The transistors 910 
may be metal -oxide semiconductor field effect transistors (MOSFETs) 
910, however other types of transistors are within the scope of the 
present invention. Interlevel dielectric layers 920 are then shown 
deposited over the transistors 910. 

[0046] The capacitor 700 is formed over the interlevel 
dielectric layers 920, in accordance with the principles of forming 
a capacitor described above. Interconnect structures 930 are 
formed in the interlevel dielectric layers 920 to form 
interconnections between the transistors 910 and the capacitor 700 
to form an operative integrated circuit. Also illustrated are 
conventionally formed tubs 940, 945, source regions 950, and drain 
regions 955. 

[0047] Also in the illustrated embodiment, one of the 



interconnect structures 93 0 is shown connecting one of the 
transistors 910 to the capacitor 700. In addition, the 
interconnect structures 93 0 also connect the transistors 910 to 
other areas or components of the IC 900. Those skilled in the art 
understand how to connect these various devices together to form an 
operative integrated circuit. 

[0048] Of course, use of the method of manufacturing capacitors 
of the present invention is not limited to the manufacture of the 
particular IC 900 illustrated in FIGURE 9. In fact, the present 
invention is broad enough to encompass the manufacture of any type 
of integrated circuit formed on a semiconductor wafer which would 
benefit from the increased capacitance of interdigitated capacitors 
located therein, as provided by the present invention. 
Furthermore, since some or all of the layers of a capacitor 
manufactured according to the present invention may be formed using 
conventional techniques, capacitors of the present invention may be 
easily integrated with many IC manufacturing technologies. In 
addition, the present invention is broad enough to encompass 
integrated circuits having greater or fewer components than 
illustrated in the IC 900 of FIGURE 9. Beneficially, each time the 
method of the present invention is employed to form part or all of 
a semiconductor capacitor, manufacturing costs may be eliminated 
from the entire manufacturing process due to the reduced number of 



capacitor layers needed within a given footprint, as well as the 
increase in capacitance of those layers that are manufactured. 
[0049] Although the present invention has been described in 
detail, those skilled in the art should understand that they can 
make various changes, substitutions and alterations herein without 
departing from the spirit and scope of the invention in its 
broadest form. 



